Gas explosion characteristics in confined straight and 90 degree bend pipes by Siti Zubaidah, Sulaiman
REFERENCES 
Abdel-Gayed, R. G. & Bradley, D. (1985). Criteria for turbulent propagation limits 
of premixed flames. Combustion and Flame, 62, 61-68. 
Abdel-Gayed, R. G., Bradley, D. & Lawes, M. (1987). Turbulent Burning Velocities: 
A General Correlation in Terms of Straining Rates. Proceedings of the Royal 
Society of London. Series A, Mathematical and Physical Sciences, 414, 389-
413. 
Ahmad, R. S. a. R. (2012). Tanker explosion in Labuan leaves one dead, four 
missing (Update). The Star online. 
Akkerman, V. Y., Bychkov, V., Petchenko, A. & Eriksson, L.-E. (2006). 
Accelerating flames in cylindrical tubes with nonslip at the walls. 
Combustion and Flame, 145, 206-219. 
Alekseev, V. A., Christensen, M. & Konnov, A. A. (2014). The effect of temperature 
on the adiabatic burning velocities of diluted hydrogen flames: A kinetic 
study using an updated mechanism. Combustion and Flame. 
Alexiou, A., Andrews, G. E. & Phylaktou, H. (1996). Side-vented gas explosions in a 
long vessel: the effect of vent position. JC?urnal of Loss Prevention in the 
Process Industries, 9, 351-356. 
Anschicks, R. J. (2015). Safety without compromise [Online]. Available: 
http://www.protectoseal.com/vaporFlame/flarne arrester safety.cfrn 
[Accessed June 20 2015]. 
Arntzen, B. J. (1998). Modelling of turbulence and combustion for simulation of gas 
explosions in complex geometries Ph.D Thesis, Norwegian University of 
Science and Technology. 
Aspden, A. J., Day, M. S. & Bell, J. B. {2011a). Characterization of low Lewis 
number flames. Proceedings of the Combustion Institute, 33, 1463-1471. 
Aspden, A. J., Day, M. S. & Bell, J.B. (201 lb). Lewis number effects in distributed 
flames. Proceedings of the Combustion Institute, 33, 1473-1480. 
143 
Aung, K. T., Hassan, M. I., Kwon, S., Tseng, L. K., Kwon, 0. C. & Faeth, G. M. 
(2002). Flame/stretch interactions in laminar and turbulent premixed flames. 
Combustion Science and Technology, 174, 61-99. 
Balde, V., Nemoda, S., SijerCic, M., Turanjanin, V. & Stankovic, B. (2006). 
Experimental and numerical investigation of premixed acetylene flame. 
International Journal of Heat and Mass Transfer, 49, 4023-4032. 
Bauwens, C.R., Chao, J. & Dorofeev, S. B. (2012). Effect of hydrogen concentration 
on vented explosion overpressures from lean hydrogen-air deflagrations. 
International Journal of Hydrogen Energy, 37, 17599-17605. 
Bell, J. B., Cheng, R. K., Day, M. S. & Shepherd, I. G. (2007). Numerical simulation 
of Lewis number effects on lean .premixed turbulent flames. Proceedings of 
the Combustion Institute, 31, 1309-1317. 
Bjerketvedt, D., Bakke, J. R. & Van Wingerden, K. (1997). Gas explosion handbook. 
Journal of Hazardous Materials, 52, 1-150. 
Blanchard, R., Arndt, D., Gratz, R., Poli, M. & Scheider, S. (2010). Explosions in 
closed pipes containing baffles and 90 degree bends. Journal of Loss 
Prevention in the Process Industries, 23, 253-259. 
Blanchard, R., Arndt, D., Gratz, R. & Scheider, S. (2011). Effect of ignition position 
on the run-up distance to DDT for hydrogen-air explosions. Journal of Loss 
Prevention in the Process Industries, 24, 194-199. 
Bouvet, N., Halter, F., Chauveau, C. & Yoon, Y: (2013). On the effective Lewis 
number formulations for lean hydrogen/hydrocarbon/air mixtures. 
International Journal of Hydrogen Energy, 38, 5949-5960. 
Bradley, D., Cresswell, T. M. & Puttock, J. S. (2001). Flame acceleration due to 
flame-induced instabilities in large-scale explosions. Combustion and Flame, 
124, 551-559. 
Bradley, D., Gaskell, P.H. & Gu, X. J. (1996). Burning velocities, markstein lengths, 
and flame quenching for spherical methane-air flames: A computational 
• 
study. Combustion and Flame, 104, 176-198. 
Bradley, D., Lau, A. K. C. & Lawes, M. (1992). Flame Stretch Rate as a Determinant 
of Turbulent Burning Velocity. Philosophical Transactions of the Royal 
Society of London. Series A: Physical and Engineering Sciences, 338, 359-
387. 
144 
Bradley, D., Lawes, M. & Liu, K. (2008). Turbulent flame speeds in ducts and the 
deflagration/detonation transition. Combustion and Flame, 154, 96-108. 
Bradley, D., Lawes, M., Liu, K. & Woolley, R. (2007). The quenching of premixed 
turbulent flames of iso-octane, methane and hydrogen at high pressures. 
Proceedings of the Combustion Institute, 31, 1393-1400. 
Bradley, R. G. a.-G. a. D. (1985). Criteria for Turbulent Propagation Limits of 
Premixed Flames. Combustion and Flame, 62, 61-68. 
Bray, K. N. C. (1990). Studies of the Turbulent Burning Velocity. Proc. R. Soc. A, 
431, 315-335. 
Bychkov, V., Akkerman, V. Y., Fru, G., Petchenko, A. & Eriksson, L.-E. (2007). 
Flame acceleration in the early stages of burning in tubes. Combustion and 
Flame, 150, 263-276. 
Chakraborty, N. & Cant, R. S. (2006). Influence of Lewis number on strain rate 
effects in turbulent premixed flame propagation. International Journal of 
Heat and Mass Transfer, 49, 2158-2172. 
Chakraborty, S., Mukhopadhyay, A. & Sen, S. (2008). Interaction of Lewis number 
and heat loss effects for a laminar premixed flame propagating in a channel. 
International Journal of Thermal Sciences, 47, 84-92. 
Chatrathi, K., Going, J. E. & Grandestaff, B. (2001 ). Flame propagation in industrial 
scale piping. Process Safety Progress, 20, 286-294. 
Ciccarelli, G. & Dorofeev, S. (2008). Flame acceleration and transition to detonation 
in ducts. Progress in Energy and Combustion Science, 34, 499-550. 
Clanet, C. & Searby, G. (1996). On the "tulip flame" phenomenon. Combustion and 
Flame, 105, 225-238. 
Clanet, C. & Searby, G. (1998). First experimental study of the Darrieus-Landau 
instability. Phys. Rev. Lett., 80, 3867-3870. 
Clarke, A. (2002a). Calculation and consideration of the lewis number for explosion 
studies. Institute of Chemical Engineer, Trans IChemE, 80, 135-140. 
Clarke, A. (2002b ). Calculation and Cpnsideration of the Lewis Number for 
Explosion Studies. Process Safety and Environmental Protection, 80, 135-
140. 
Dahoe, A. E. (2005). Laminar burning velocities of hydrogen-air mixtures from 
closed vessel gas explosions. Journal of Loss Prevention in the Process 
Industries, 18, 152-166. 
145 
Dorofeev, S. B., Veser, A., Breitung, W., Kuznetsov, M. S., Alekseev, V. I. & 
Yankin, Y. G. (2002). Flame acceleration and DDT in gas explosions:Run-up 
distances to supersonic flames in obstacle-laden tubes&Flame acceleration in 
a tube with variable cross-section. J Phys. IV France, 12, 3-10. 
Driscoll, J. F. (2008). Turbulent premixed combustion: Flamelet structure and its 
effect on turbulent burning velocities. Progress in Energy and Combustion 
Science, 34, 91-134. 
Egerton, A. & Gates, S. F. (1927). Further Experiments on Explosions in Gaseous 
Mixtures of Acetylene, of Hydrogen and of Pentane. Proceedings of the 
Royal Society of London. Series A, Containing Papers of a Mathematical and 
Physical Character, 116, 516-529. 
El-Sherif, A. S. (1998). Effects of natural gas composition on the nitrogen oxide, 
flame structure and burning velocity under laminar premixed flame 
conditions. Fuel, 77, 1539-1547. 
Emami, S. D., Rajabi, M., Che Hassan, C.R., Hamid, M. D. A., Kasmani, R. M. & 
Mazangi, M. (2013). Experimental study on premixed hydrogen/air and 
hydrogen-methane/air mixtures explosion in 90 degree bend pipeline. 
International Journal of Hydrogen Energy, 38, 14115-14120. 
Filatyev, S. A., Driscoll, J. F., Carter, C. D. & Donbar, J. M. (2005). Measured 
properties of turbulent premixed flames for model assessment, including 
burning velocities, stretch rates, and surface densities. Combustion and 
Flame, 141, 1-21. 
Fogla, N., Creta, F. & Matalon, M. (2013). Influence of the Darrieus-Landau 
instability on the propagation of planar turbulent flames. Proceedings of the 
Combustion Institute, 34, 1509-1517. 
Fiiri, M., Papas, P., RaYs, R. M. & Monkewitz, P. A. (2002). The effect of flame 
position on the Kelvin-Helmholtz instability in non-premixed jet flames. 
Proceedings of the Combustion Institute, 29, 1653-1661. 
Gamezo, V. N., Ogawa, T. & Oran, E. S.' (2007). Numerical simulations of flame 
propagation and DDT in obstructed channels filled with hydrogen-air 
mixture. Proceedings of the Combustion Institute, 31, 2463-24 71. 
Gamezo, V. N., Ogawa, T. & Oran, E. S. (2008). Flame acceleration and DDT in 
channels with obstacles: Effect of obstacle spacing. Combustion and Flame, 
155, 302-315. 
146 
Garrison, W. G. (1988). Major fires and explosions analysed for 30-year period 
Hydrocabon Processing 
Goh, R. (2012). Fire breaks out aboard MISC tanker. New Straits Times. 
Harris, R. J. (1983 ). The investigation and control of gas explosions in building and 
heating plant, New York, E&F N Spon Ltd. 
Helene, H.P., Gary, T., Prankul, M., Herodotos, P. & Gordon, A. 2012. Comparison 
of FLACs simulations against large-scale vented gas explosion experiments 
in a twin compartment enclosure. Ninth International Symposium on 
Hazard,Prevention and Mitigation of Industrial Explosion. Central Mining 
Institute. 
Hjertager, B. H. (1984). Influence of turbulence on gas explosions. Journal of 
Hazardous Materials, 9, 315-346. 
Hu, E., Huang, Z., He, J., Zheng, J. & Miao, H. (2009). Measurements of laminar 
burning velocities and onset of cellular instabilities of methane-hydrogen-air 
flames at elevated pressures and temperatures. International Journal of 
Hydrogen Energy, 34, 5574-5584. 
Huzayyin, A. S., Moneib, H. A., Shehatta, M. S. & Attia, A. M. A. (2008). Laminar 
burning velocity and explosion index of LPG-air and propane-air mixtures. 
Fuel, 87, 39-57. 
Iida, N., Kawaguchi, 0. & Sato, G. T. (1985a). Premixed flame propagating into a 
narrow channel at a high speed, part 1 : Flame behaviors in the channel. 
Combustion and Flame, 60, 245-255. 
Iida, N., Kawaguchi, 0. & Sato, G. T. (1985b). Premixed flame propagating into a 
narrow channel at a high speed, part 2: Transient behavior of the properties of 
the flowing gas inside the channel. Combustion and Flame, 60, 257-267. 
Im, H. G. & Chen, J. H. (2002). Preferential diffusion effects on the burning rate of 
interacting turbulent premixed hydrogen-air flames. Combustion and Flame, 
131, 246-258. 
Ismail, N. H. (2005). The Train 7 Fire at 'PETRONAS' LNG Complex, Bintulu, 
Malaysia. LNG journal. 
Jiang, B., Lin, B., Zhu, C., Zhai, C. & Liu, Q. (2013). Premixed methane-air 
deflagrations in a completely adiabatic pipe and the effect of the condition of 
the pipe wall. Journal of Loss Prevention in the Process Industries, 26, 782-
791. 
147 
Kalpakli, A. (2012). Experimental study of turbulent flows through pipe bends. 
Licentiate thesis, KTH Mechanics, Stockholm, Sweden. 
Karlovitz, B., Denniston, D. W. & Wells, F. E. (1951). Investigation in turbulent 
flames. Journal of Chemical Physics, 19, 541-547. 
Kasmani, R. M. (2008). Vented gas explosion. PhD, University of Leeds. 
Kasmani, R. M., Andrews, G. E., Phylaktou, H. N. & Willacy, S. K. (2007). 
Influence of static burst pressure and ignition position on duct-vented gas 
explosions. 5th International Seminar on Fire and Explosion Hazard, 
Edinburgh. 
Knudsen, V. (2006). Hydrogen gas explosions m pipelines -modeling and 
experimental investigations. 
Kristoffersen, K. (2004). Gas explosions in process pipes. PhD, Telemark University 
College. 
Kull, H. J. (1991 ). Theory of the Rayleigh-Taylor instability. Physics Reports, 206, 
197-325. 
Kuznetsov, M., Alekseev, V., Matsukov, I. & Dorofeev, S. (2005). DDT in a smooth 
tube filled with a hydrogen-oxygen mixture. Shock Waves, 14, 205-215. 
Lee, J. H. S. (1984). Dynamic Parameters of Gaseous Detonations. Annual Review of 
Fluid Mechanics, 16, 311-336. 
Li, J.~ Lai, W. & Chung, K. (2006). Tube diameter effect on deflagration-to-
detonation transition of propane-oxygen mixtures. Shock Waves, 16, 109-
117. 
Li, J., Lai, W., Chung, K. & Lu, F. (2005). Uncertainty analysis of deflagration-to-
detonation run-up distance. Shock Waves, 14, 413-420. 
Liberman, M.A., Ivanov, M. F., Kiverin, A. D., Kuznetsov, M. S., Chuka~ovsky, A. 
A. & Rakhimova, T. V. (2010). Deflagration-to-detonation transition m 
highly reactive combustible mixtures. Acta Astronautica, 67, 688-701. 
Ma, G., Li, J. & Abdel-Jawad, M. (2014). Accuracy improvement in evaluation of 
gas explosion overpressures in congestions with safety gaps. Journal of Loss 
• 
Prevention in the Process Industries, 32, 358-366. 
Madhuri, U. (2010). Richtmyer -Meshkov instability in rective mixtures. Master of 
Science Universiti of Texas. 
Mat Kiah, H., Rafiziana M. Kasmani, Norazana Ibrahim, Roshafima R. Ali & 
N.Sadikin, A. (2013). Flame acceleration of premixed natural gas/air 
148 
explosion in closed pipe. International Journal of Chemical, Nuclear, 
Metallurgical and Materials Engineering, 7, 587-590. 
Matalon, M. (2009). Flame dynamics. Proceedings of the Combustion Institute, 32, 
57-82. 
Matei, I. R., Hoi, D. N., John, H. S. L. & Balachandar, V. (2002). The effect of argon 
diution on the stability of acetylene/oxygen detonations. Proceedings of the 
Combustion Institute, 29, 2825-2831. 
Middha, P., Hansen, 0. R. & Storvik, I. E. (2009). Validation of CFD-model for 
hydrogen dispersion. Journal of Loss Prevention in the Process Industries, 
22, 1034-1038. 
Na'inna, A. M., Phylaktou, H. N. & Andrews, G. E. (2013). The acceleration of 
flames in tube explosions with two obstacles as a function of the obstacle 
separation distance. Journal of Loss Prevention in the Process Industries. 
Oppenheim, A. K. (1985). Dynamic Features of Combustion. Philosophical 
Transactions of the Royal Society of London. Series A, Mathematical and 
Physical Sciences, 315, 471-508. 
Oran, E. S. & Gamezo, V. N. (2007). Origins of the deflagration-to-detonation 
transition in gas-phase combustion. Combustion and Flame, 148, 4-4 7. 
Oran, E. S., Otto, J. D. & Anderson, J. D. 2001. The Interaction of a Flame with Its 
Self-Induced Boundary Layer. November 18 - 20, 2001 ed. San Diego, 
California American Physical Society, 54th ,Annual Meeting of the Division 
of Fluid Dynamics 
Patnaik, G. & Kailasanath, K. (1992). Numerical simulations of the extinguishment 
of downward propagating flames. Symposium (International) on Combustion, 
24, 189-195. 
Pearce, P. & Daou, J. (2013). The effect of gravity and thermal expansion on the 
propagation of a triple flame in a horizontal channel. Combustion and Flame, 
160, 2800-2809. 
Petchenko, A., Bychkov, V., Akkerman, V. Y. & Eriksson, L.-E. (2007). Flame-
sound interaction in tubes with nonslip walls. Combustion and Flame, 149, 
418-434. 
Phylaktou, H., Foley, M. & Andrews, G. E. (1993). Explosion enhancement through 
a 90° curved bend. Journal of Loss Prevention in the Process Industries, 6, 
21-29. 
149 
Phylaktou, H. N., Andrews, G. E. & Herath, P. (1990). Fast flame speeds and rates of 
pressure rise in the initial period of gas explosions in large LID cylindrical 
enclosures. Journal of Loss Prevention in the Process Industries, 3, 355-364. 
Ponizy, B., Claverie, A. & Veyssiere, B. (2014). Tulip flame - the mechanism of 
flame front inversion. Combustion and Flame. 
Razus, D., Movileanua, C. & Oancea, D. (2007). The rate of pressure rise of gaseous 
propylene-air explosions in spherical and cylindrical enclosures. Journal of 
Hazardous Materials, 139, 1-8. 
Salzano, E., Marra, F. S., Russo, G. & Lee, J. H. S. (2002). Numerical simulation of 
turbulent gas flames in tubes. Journal of Hazardous Materials, 95, 233-247. 
Sanchez, A. L., Eduardo, F.-T. & Williams, F. A. (2014). The chemistry involved in 
the third explosion limit of H202 mixtures. Combustion and Flame, 161, 
111-117. 
Sato, K., Sakai, Y. & Chiga, M. (1996). Flame propagation along 90° bend in an 
open duct. Symposium (International) on Combustion, 26, 931-93 7. 
Sergey, B. & Dorofeev (2011). Flame acceleration and explosion safety applications. 
Proceedings of the Combustion Institute, 33, 2161-2175. 
Shanshan, C., Yong, J., Rong, Q. & Jiangtao, A. (2012). Numerical study on laminar 
burning velocity and flame stability of premixed methane/ethylene/air flames. 
Chinese Journal of Chemical Engineering, 20, 914-922. 
Shy, S. S., Lin, W. J. & Peng, K. Z. (2000). High-intensity turbulent premixed 
combustion: General correlations of turbulent burning velocities in a new 
cruciform burner. Proceedings of the Combustion Institute, 28, 561-568. 
Silvestrini, M., Genova, B., Parisi, G. & Leon Trujillo, F. J. (2008). Flame 
acceleration and DDT run-up distance for smooth and obstacles filled tubes. 
Journal of Loss Prevention in the Process Industries, 21, 555-562. 
Simon. (2005). Earth Tube Equations [Online]. Available: 
http://www.homeintheearth.com/tech notes/earth-tubes/earth-tube-design-
for-earth-sheltered-homes/earth-tube-equations/ [Accessed June 15, 2015 
2005]. 
Steen, H. & Schampel, K. (1983). Experimental investigations on the run-up distance 
of gaseous detonations in large pipes. International Symposium on Loss 
Prevention and Safety Promotion in Process Industries, 82, 23-33. 
150 
Taylor, S. C. (1991). Burning velocity and the influence of the flame stretch. PhD 
Thesis, University of Leeds. 
Then, S. (2014). Blast rips Sabah-Sarawak gas pipeline. The Star, 11 June 2014. 
Thomas, G., Oakley, G. & Bambrey, R. (2010). An experimental study of flame 
acceleration and deflagration to detonation transition in representative 
process piping. Process Safety and Environmental Protection, 88, 75-90. 
Tseng, L.-K., Ismail, M.A. & Faeth, G. M. (1993). Laminar burning velocities and 
markstein numbers of hydrocarbon/air flames. Combustion and Flame, 95, 
410-426. 
Varatharajan, B. & Williams, F. A. (2001). Chemical-kinetic decription of high-
temperature ignition and detonation of acetylene-oxygen-diluent systems. 
Combustion and Flame, 125, 624-645. 
Veynante, D. (2009). Large eddy simulations of turbulent combustion. Turbulence 
and interactions. Springer. 
Veynante, D. & Vervisch, L. (2002). Turbulent combustion modeling. Progress in 
energy and combustion science, 28, 193-266. 
Wang, C., Han, W., Ning, J. & Yang, Y. (2012). High resolution numerical 
simulation of methane explosion in bend ducts. Safety Science, 50, 709-717. 
Wamatz, J. (1981). The structure of laminar alkane-, alkene-, and acetylene flames. 
Symposium (International) on Combustion, 18, 369-384. 
Xiao, H., He, X., Duan, Q., Luo, X. & Sun, J. (2014). An investigation of premixed 
flame propagation in a closed combustion duct with a 90° bend. Applied 
Energy, 134, 248-256. 
Xiao, H., Makarov, D., Sun, J. & Molkov, V. (2012). Experimental and numerical 
investigation of premixed flame propagation with distorted tulip shape in a 
closed duct. Combustion and Flame, 159, 1523-1538. 
Zhu, C., Lin, B. & Jiang, B. (2012). Flame acceleration of premixed methane/air 
explosion in parallel pipes. Journal of Loss Prevention in the Process 
Industries, 25, 383-390. 
Zipf Jr, R. K., Gamezo, V. N., Mohamed, K. M., Oran, E. S. & Kessler, D. A. 
(2014 ). Deflagration-to-detonation transition in natural gas-air mixtures. 
Combustion and Flame. 
